GEOGRAPHIC AND ECOLOGICAL VARIATION
IN THE FAMILY ICTERIDAE

PeETER E. LOWTHER

The passerine family Icteridae, restricted to but ranging throughout the
New World, includes oropendolas, caciques, orioles, blackbirds, meadow-
larks, grackles, and cowbirds. The family comprises 95 species placed in
23 genera (Blake 1968; Short 1968. 1969). Comparison of various aspects
of the biology of members of such a diverse group may suggest patterns
in the evolution of ecological adaptations. These patterns, in turn, may
facilitate an analysis of part of the mechanism of adaptive radiation. In
this paper I examine variation in size, ecological requirements, breeding
biology, and behavior within the Icteridae and suggest explanations for the
trends and relationships observed.

METHODS

Aspects of the distribution and biology of all species were determined from the
literature, insofar as it was possible, and a list of the 95 species and their attributes
is given in Appendix 1. Species density was found by laying a grid with squares
representing 259,000 km® over maps of species’ breeding distributions and finding the
number of species occurring within each grid square. After this, geographic distribu-
tion of species was simplified for analysis by considering only their latitudinal
distribution, for which 30 latitude-sectors were used. These latitude-sectors are 4.64°
latitude in width, the same as the north-south side of the 259,000 km* grid.

General vegetation types are influenced greatly by climate, and climates, because of
the angle of solar radiation to the earth’s surface and stable atmospheric circulation,
have regular distributions. Particularly, North and South America have, in a general
way, similar climates and vegetation types at equal distances from the equator
(Fig. 1). Because of this “symmetry” of climate and vegetation about the equator,
for statistical tests I combined those species occurring in latitude-sectors equal dis-
tances from the equator, on the assumption that they would be influenced by similar
environmental pressures.

Statistical analyses used in this paper were 2 X 2 contingency tables, to test as-
sociations, and rank correlations, to test for trends with latitude and range size. A
description of these statistical methods and appropriate tables can be found in Con-
over (1971).

The following “definitions” were used in categorizing species:

Latitude.—Species are either “tropical” (center of range within 20° of the equator)
or “temperate” (center of range farther than 20° from the equator).

Habitat preference.—Preferred breeding habitat of each species may be “forest”,
“edge”, “scrub”, “grassland”, “marsh”, or “island”. Forest is used to indicate species
of the forest interior. Edge indicates species described as inhabiting “open woods”,
“forest borders”, “thickets”, “brushy second growth”, and “ecotones” or “edges”. Scrub
refers to birds of the more arid edge habitats. Grasslands includes birds of the prairie
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Fic. 1. Distribution of certain vegetation types. This presentation is used to em-
phasize that similar vegetation types occur equal distances from the equator. East
is to the right. Latitude-sectors are indicated on the left. Vegetation distribution is
after Kiichler (1960).

and pampas regions, “fields”. “pastures”, and other open grassy habitats. Marsh
indicates species nesting primarily in marsh and marsh-like habitats. Island is used
to indicate those species restricted to islands of the West Indies. These habitat classes
are also lumped into “woods™ -including forest, edge, and scrub habitats—and
“open” habitats—being comprised of grasslands and marsh.

Migratory behavior—A species is “migratory”™ if it migrates either completely
(the winter or non-breeding distribution overlapping little, if any. with its breeding
di~tribution). or only partially (the winter distribution contained within the breeding
range. but populations of higher latitudes moving to regions closer to the equator).
“Non-migrants” show no north-south seasonal change in distribution. In some non-
migrants there may be localized movements, such as altitudinal changes, but this
is not migration.

Sexual dimorphism.—Sexual size dimorphism is arbitrarily a difference in wing
length between males and females of at least 109.. Sexual plumage dimorphism refers
to noticeable plumage differences between sexes as indicated by field guide de-
scriptions. I consider specie~ to be sexually monomorphic if neither of these criteria

are met,

Mating system.— Mating systems are monogamous or non-monogamous. Monogamous
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Fic. 2. Species density for breeding distribution of icterids. Isopleths are shown
for 1, 5, 10, and 20 species. The 4 regions of greater density are represented as
follows: A-—midwestern U.S. (10 species): B-Oaxaca, Mexico (20 species); C—
northwestern Venezuela (23 species); and D Uruguay (18 species). Latitude sectors
are indicated on the right.

Column A gives the total number of species occurring within the associated latitude
sector. Column B gives the number of species whose center of range is included in
that sector.

species are those in which a male pairs with a single female for a nesting attempt.
Non-monogamous mating systems include those described as polygamous and poly-
brachygamous (“promiscuous”). In these cases the male has pair bonds with more
than one female during a breeding attempt (see Selander 1972:193).

Territory type.—Territory type, or nesting dispersion, is either Type A or Type O.
The first is shown by solitary nesting species. Territories of these species are breeding-
nesting-feeding territories (type A) of Nice (1943). The second is shown by those
colonial nesting species or those with grouped territories. For these species, terri-
tories are nesting only (type D) or nesting-breeding (type B) as categorized by Nice.
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SPECIES DENSITY

There are | regions where species of Icteridae show relatively greater
diversity (Fig. 2}: midwestern United States. southern Mexico (Oaxaca),
northwestern Venezuela, and the region about Uruguay: Beecher (1950)
considered this last region to be the center of icterid origins. One associa-
tion between species density and general vegetation appears obvious. The
midwestern U.S. and Uruguay regions are predominantly grassland habitats.
The midwestern U.S. is also an area where several icterids are presently
expanding their range (Bobolink, Dolichonyx oryzivorus; Western
Meadowlark. Sturnella neglecta: Brewer’s Blackbird, Euphagus cyano-
cephalus: Yellow-headed Blackbird, Xanthocephalus xanthocephalus; and
Brown-lieaded Cowbird. Molothrus ater: De Vos 1961, Mayfield 1965, and
Stepney and Power 1973). These are grassland or edge species that are
assumed to be expanding their range because the clearing of forested areas
for agricultural purposes has increased suitable habitat for them. The
other 2 areas of high species abundance cannot be associated with a single
vegetation type since there is greater habitat diversity in the grid squares
of the areas.

LATITUDINAL TRENDS

More species occur in the tropics than in temperate regions, a pattern
that is obviously not related to continental land area (see Fig. 2). While
increased diversity in the tropics has been observed for various groups of
organisms (e.g., birds, Cook 1969, Tramer 1974; mammals, Simpson
1961, Wilson 1974; reptiles and amphibians, Kiester 1971), no single
causal explanation has been generally accepted. One hypothesis is that,
since the tropics have had relatively stable environmental conditions for
long periods of time, many species were able to evolve. MacArthur and
MacArthur (1961) and Tramer (1969) have shown that bird species di-
versity increases with increasing complexity of vegetation structure. which
is true as the tropics are approached. Ricklefs (1973) also indicates that
this increase in avian diversity is related to environmental complexity
rather than productivity. Thus, the high density of species in midwestern
U.S. and Uruguay regions is probably caused by a mosaic of grassland-
deciduous forest; the species density in the Oaxaca and Venezuela regions
is a result of greater vegetation complexity superimposed on a heterogeneous
topography.

Wigration.—In seasonal environments, one would expect a greater pro-
portion of migratory species than in non-seasonal environments. It is
expected, then. that those species occurring farther from the equator (i.e.,
those in more seasonal environments) are more likely to be migratory. The
very highly significant rank correlation between distance from the equator
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TABLE 1

Ranxk CORRELATION COEFFICIENTS BETWEEN LATITUDE AND PoLyTypisa, LATITUDE AND
MiGRATORY BEHAVIOR, AND LATITUDE AND SEXUAL DiMoORPHISM

Rank
Correlation T Probability
Distance from equator
for center of species’ range
Polytypism 0.1818 0.5847 9>p>5
Migratory Behavior 0.9598 10.8134 p < 001
Sexual Dimorphism: Size -0.6748 2.8917 p < .05
Plumage 0.9353 8.3595 p < .001
Either 0.14930 1.7919 2>p> .1
Distance from equator
for whole of species’ occurrence
Sexual Dimorphism: Size -0.3070 1.2493 4>p > 2
Plumage 0.9816 19.9195 p < .001
Either —0.3883 1.0981 4 >p>2

and the proportion of migratory species supports this commonly made
observation (see Table 1).

Sexual dimorphism.—No association was found between secondary sexual
size and plumage dimorphism (x*> = 0.009, .975 > p > .9). Each form of
sexual dimorphism will therefore be considered separately.

Sexual dimorphism in size—There is a significant negative rank correla-
tion between the proportion of species that are sexually dimorphic in size
and the distance species occur from the equator (Table 1). This trend
is also indicated when the data are tested in a 2 X 2 contingency table
(x* =9.97, p < .001).

Selander (1966) has suggested that where interspecific competition exists.
sexual dimorphism in size often is not observed. but with less intense inter-
specific competition pressure, size dimorphism between the sexes is of
greater selective advantage and is associated with differential niche use.
Thus, size dimorphism is more likely when intersexual competition is of
greater energetic consequence. Such a situation may apply to colonial
species, since many individuals of a single species live in a relatively re-
stricted area. If this is true, then breeding dispersion may be important in
explaining the relationship between latitude and size dimorphism because
colonial species (Type O territories), show size dimorphism (x* = 21.58. p
< .001), and tend to be tropical (x* = 5.35, p < .05).

Sexual dimorphism in plumage—A highly significant positive rank cor-
relation exists between latitude and the proportion of species showing
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plumage dimorphism (Table 1). That is. there is a greater occurrence of
plumage dimorphism toward the higher latitudes. Hamilton (1961)—
comparing tropical and North American Icterus—provided an hypothesis
to explain this trend. He noted that those species farthest from the equator
were generally migratory and were also frequently dimorphic in plumage.
Since mates show intense agonistic behavior during the breeding season,
females resembling males would cause increased intersexual aggression
and result in tonger time required for pair formation. Migratory temperate
species have a relatively shorter breeding season than tropical species and
as a result. Hamhon expected plumage dimorphism to be important in
reducing agonistic encounters between male and female and to shorten the
time required for pair formation. [ tested for association between migratory
behavior and plumage dimorphism and confirmed that migratory species
do tend to be sexually dimorphic in plumage (x* = 12.24, p < .001).

ECOLOGICAL TRENDS

Sexual dimorphism in relation to habitat.—With 5 habitat classes the
association between sexual dimorphism and habitat preference is significant
for both size dimorphism (x* = 11.38, p < .05. df = 1) and plumage
dimorphism (x* = 16.28, p < .0l. df = 4). Here 3 observations are
noteworthy: (1) size dimorphism between the sexes occurs more frequently
in forest species: (2) forest species do not show expected frequency of
plumage dimorphism: and (3) marsh species tend to show plumage dimor-
phism. This is partly an artifact of the classification used here—those
species classified as forest birds were also restricted to the tropics. When
categories were lumped to produce “woods”™ and “open” habitat sets, [
found no association between size dimorphism and habitat (x* = 1.78,
.5 > p > .1). but there was a significant association between plumage
dimorphism and habitat (x> = 9.36, p < .001). This association may be
partly related to increased visual importance of male display in territorial
and reproductive behavior. Among North American icterids, the ‘“song
spread” display of several open habitat and edge species has a striking
visual component associated with territorial song (see Nero 1963). The
orioles, {cterus sp.. which inhabit more wooded environments. do not have
such well devetoped displays accompanying their song (Skutch 1954, Bent
1958}. These displays can be seen from greater distances in exposed habitats
and are more appropriate for open habitats in a functional sense.

Mating systems and territory type—Selander (1972) points out that
sexual dimorphism in size is frequently associated with non-monogamous
mating systems. | found this to be true for the Icteridae (x* = 23.88. p
< .001). Selander discusses this further in terms of sexual selection with
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size dimorphism being one consequence. In polygamous species there is
increascd sexual selection among males to show greater dominance (=
fitness) and to mate with females. This competition for optimum terri-
tories and for females is accomplished through dominance established by
larger size in males. Icterid displays often emphasize size by ruffling body
feathers (e.g.. “song sprcad™). Colonial species are also likely to be sex-
ually dimorphic in size (x* = 21.58, p < .001). Mating systems and ter-
ritory type are themselves significantly associated (x* = 21.36, p < .001)—
colonial species tend to be non-monogamous.

I did not find that polygamy is associated with open habitats (x* =
1.99. .5 > p > .1). as Verner and Willson (1966) concluded, but their
habitat classification differed from mine. In their view, polygamy can
evolve if a female that mates with an already mated male with a territory
of good quality has an advantage over one mating with an unmated male
occupying poorer quality territory. Orians (1969) further developed this
model. In marshes. where many polygamous icterids breed, productivity
distribution is highly variable, a factor that is considered am important
prerequisite for the development of polygamy.

TRENDS RELATED TO RANGE SIZE

Polytypism.—There seems to be no pattern in the latitudinal distribution
of polytypic species (Table 1) and I find it impossible to hypothesize about
geographic characteristics favoring speciation. Comparison of the sizc
of mean breeding ranges of polytypic and monotypic species showed that
the gross breeding ranges of polytypic species are about 2'2 times larger
than those of monotypic species {3.700,000 km® compared to 1,400,000
km?). Rank correlation between range size and average number of sub-
species for each range size class gave a significant association (rho = 0.71,
p < .05). Using the number of named subspecies as a rough measure of
the amount of differentiation within a species, 1 found that widely dis-
tributed species are more differentiated. There was no significant association
between general habitat types and polytypism (x> = 3.13. .1 > p >.05).

Other trends with range size. In addition to that with polytypism, | found
significant rank correlations for range size and occurrence of migratory
behavior (rho = 0.89, p < .01) and for range size and occurrence of
Type O territories (rho =0.77. p <.05). The first of these should be
related to latitudinal occurrence. but I found no association between lati-
tude and range size (x> =0.52, .5>p>.1}. Instead migratory behavior
may be related to continental land area per latitude sector: there is greater
land area per latitude sector in temperate North America where most migra-
tory species occur. The relationships between range size and both territory
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type and mating system is obscure and I can suggest no explanation for
them.

SUMMARY AND CONCLUSIONS

Morphological variation within Icteridae (in the form of sexual dimor-
phism) may be best explained as results of 2 types of selection. Intersexual
competition is the selective force behind sexual dimorphism in size and
epigamic sexual selection is the cause of plumage dimorphism.

Neither size dimorphism nor plumage dimorphism show significant
associations directly with any of the remaining 7 aspects of biology ex-
amined in this analysis except latitude. Plumage dimorphism is more com-
mon within the family at higher latitudes: size dimorphism more commonly
occurs at lower latitudes. My results are in agreement with Hamilton’s
(1961) explanation for plumage dimorphism and also offer some support
for Selander’s (1960. 1972) observations on size dimorphism.
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APPENDIX 1. CIIARACTERISTICS OF THE [CTERIDAE

The classification follows Blake (1968) and Short (1968, 1969) where information on
number of subspecies, center of range, range size, and migratory behavior were also ob-
tained. Other sources for this information: American Ornithologists’ Union (1957),
Beecher (1950), Bond (1971), Friedmann (1929), Meyer-de Schauensee (1966), Peter-
son and Chalif (1973). and Robbins et al. (1966).

Center of range is shown as the latitude-sector north (+) or south (—) of the
equator in which the center of a species” breeding distribution occurs.

Range size is divided into 8 classes: 1 (very restricted; type locality only or small
islands), 2 (to 3.50 X 10° km®), 3 (to 1000 x 10° km*), 4 (1o 1650 X 10° km’),
5 (to 3250 X 10° km®), 6 (to 65.00 X 10° km*), 7 (to 97.25 x 10° km?®), and 8 (to
120.00 X 10° km*). A 5+ indicates range is larger than 25.03 X 10° kni®, the mean range
size. Range sizes were determined by measurements of mapped breeding distributions
using a compensating polar planimeter.

Migratory behavior is indicated by M for migratory species, P for partial migrants,
and n for non-migrants.

Habitats indicated are forest (F), edge (E), scrub (S), grassland (G), marsh (M),
and island (I). Sources: Bond (1971), Davis (1972), De Ves (1964), Edwards (1972),
Erskine (1971), ffrench (1973), Karr (1971), Meyer de Schauensee (1961, 1970)
Monroe (1968), Peterson and Chalif (1973), and Terborgh (1971).

For size dimorphism the percent that female wing length is smaller than male wing length
is given. Sources: ffrench (1973), Friedmann (1929), Parkes (1966, 1970), Phelps and
Aveledo (1966), Ridgway (1902), and Sclater (1886). S is used to show size dimorphism
of 10% or greater if judged by field guide descriptions to be adequate for the criterion
used and wing length measurements could not be found.

Plumage dimorphism is indicated by P. No sexual dimorphism in plumage is shown
by n. (Sources used are those listed above.)

Mating systems were classified as monogamous (M) or non-monogamous (P); terri-
tory type is either Type A or Type O (see text). Lack (1968) and Orians (1972)
summarize and provide references for information on mating systems and territory types
in Icteridae.

>

Column headings are (1) Species, (2) Number of subspecies, (3) Center of range,
(4) Range size class, (5) Migratory behavior, (6) Habitat, (7) Plumage dimorphism,
(8) Size dimorphism, (9) Mating system, and (10) Territory type.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Psarocolius

oseryl 1 =8 5 n F n 30% - -
latirostris 1 ~1 3 n F n 35% - -
decumanus 4 =& 8 n E n 28% ¥ 0
viridis 1 —l 6 n F n 27% - (¢}
atrovirens 1 —4 2 n F n S - -
angustifrons 7 —~1 5+ n F n 15% P 0
waglert 2 Ao 4 n E n 29% P 0
montezuma 1 +4 3 n E n 25% P 0
cassini 1 +1 2 n F n S - -
bifasciatus 1 =1 3 n F n S - -
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APPENDIX 1. (CONTINUED)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
guatimozinus 1 +2 2 n 18 n 23% ~
yuracares 2 -1 5 n F n 15% -

Cacicus
cela 3 =1 n n E P 23% 1 (0]
haemorrhous 2 —2 n n E 12 229 P 0
uropygialis 3 =P 1 n F P 12% M B\
chrysopterus 1 =(® 5 n F n n - -
koepckeae 1 =3 1 n F n n = -
leucorhamphus 2 -2 4 n F n 21% -
chrysonotus 1 -9 2 n F n 19% -
sclateri 1 —1] 2 n 1 n S -
solitarius 1 -3 7 n 18 n 109 M
melanicterus 1 +5 2 n F P 15% -
holosericeus 3 +2 5 n 18 n 10% M

Icterus
cayanensis 6 =3 8 n iE n n M A
chrysater 4 A 4 n 19 n 119% M A
nigrogularis 4 +2 5 n E n 9% M A
leucopteryx B 2F 3 1 n | n % M A
auratus 1 +5 2 n E 2 1% M o\
mesomelas 4 +3 1 n E n 3% M A
auricapillus 1 +3 3 n E n n M A
graceannae 1 =2 2 n S n n M A
xantholemus 1 -1 1 n - n n M A
pectoralis 2 +4 3 n S n 5% M A
gularis 6 +5 3 n E n 8% M A
pustulatus 6 25l 4 n E P 8% M A
cucullatus 5 +6 4 M E P 5% M A
icterus 6 =3 n n IE n 6% M A
galbula 1 +9 % M 1B 1P % M A
spurius 3 +9 6 M E p 69 M A
dominicensis 6 +4 4 n F n 5% M A
wagleri 2 +5 4 n E n 7% M A
laudabilis 1 +4 1 n I P 0% M A
bonana 1 + 1 n 1 n n M )
oberi 1 Sl 1 n I P 9% M A
graduacauda 1 +5 3 M E n 5% M A
maculialatus 1 +4 2 n E P n M A
parisorum 1 +7 5 M S P 6% M A

Nesopsar
nigerrimus 1 +5 2 n 1 n 5% -
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APPENDIX 1. (CONTINUED)

(1) @ @ @ 6 e D @ 9 (10

Xanthopsar .

flavus 1 =7 4 n M p n - (0}

Gymnomystax

mexicanus 1 +1 6 n E n n - -
Xanthocephalus

xanthocephalus 1 101 6 M M P 19% P 0
Agelaius

xanthoph-

thalmus 1 =% 1 n M n 14% M -

thilius 3 =7 6 n M 1 9% - -

phoeniceus 23 +10 8 P M P 18% I 0

tricolor 1 +9 2 n M R 12% P 0

icterocephalus 2 +1 T3F n M P 12% - 0O

humeralis 1 +6 2 n M P 8% - -

xanthomus 2 +5 2 n I n 10% M =

cyanopus 4 —4 6 n M P 8% - -

ruficapillus 2 —4 6 n M P n - -
Sturnella

militaris 1 —1 6 n G P 9% M -

superciliaris 1 -6 6 n G P n M -

bellicosa 1 =3 3 n G P n M -

defilippii 1 -8 3 n G P 8% M -

loyca 4 =11 4 P G P n M =

magna 14 +4 8 P (& n 10% R A

neglecta 1 +10 7 P G n 11% P A
Pseudoleistes

guirahuro 1 —6 5! n G n n - -

virescens 1 —8 3 n G n n M -
Amblyramphus

holosericeus 1 =7 5 n M n n - -

Hypopyrrhus

pyrohypogaster 1 +2 3 n E n S = -
Curaeus

curaeus 2 —11 4 n E P n M -

forbesi 1 —4 3 n - P S - -
Gnorimopsar

chopi 2 -5 6 n G n 6% - -
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B @ @ @ G © D @ 9 10

Oreopsar

bolivianus 1 =5 2 n 14 n n - -
Lampropsar

tanagrinus 5! =1l 5 n 10 n S - -
Vacroagelaius

subalaris 2 +2 3 n F n S - -
Dives

atroviolucea 1 +6 2 n I n 0% - -

dives 3 Sl 3 n E p 11% M A
Quiscalus

mexicanus 8 +35 5+ B E P 20% P 0

major 2 +8 3 P E P 22% P 0

palustris 1 +5 1 n M P 22% - -

nicaraguensis 1 SES 1 n M P 22% - -

quiscula 3 +10 6 P E I 11% M (0]

niger 7 FE 2 n I p 14% M -

lugubris 8 S22 3 n E P 13% Al 0
Euphagus

carolinus 2 +13 6 M E p 5% M A

cyanocephalus 1 +11 6 I G P 8% M (0]
Molothrus

badius 3 = 5+ n E n 5% M -

rufoaxillarts 1 =7 5 n Ig 6% M -

bonariensis 7 -4 8 n G P 12% M -

aeneus 4 +5 4 P E 1P 119 - -

ater 3 +10 7 P E P 10% M -
Scaphidura

oryzivora 2 =% 8 n E P 24% - -
Dolichonyx

oryzivorus 1 +11 6 M G P 11% P A
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